Recently in Atlantic Canada, there has been increased concern associated with potato farming due to an increase in the frequency and magnitude of fish kills downstream of agricultural cultivation activities following major storm events. Over a period of three years (1999-2001), we monitored the population structure and physiological performance of slimy sculpin (Cottus cognatus) within the Little River, located in an intensive potato cultivation region of northwestern New Brunswick. The slimy sculpin, a small-bodied benthic fish, was considered suitable for monitoring due to its natural abundance throughout the system, limited mobility, lack of commercial fishing pressures, and easily measured life history characteristics. Rather than focus on particular agricultural stressors, an effects-based assessment of the fish in the system was conducted to determine whether there were observable and persistent responses of sculpin in the agricultural region. We found that the local population structure at agricultural sites consisted of fewer young-of-the-year sculpin in 2 of 3 fall collections. In comparison with forested reaches, adult sculpin were larger but with smaller gonads, and females had smaller livers, gonads, and fewer and smaller eggs. These biological responses were reduced in the fall of the third year following drier conditions than the previous two years. The effects-based approach successfully demonstrated biological impacts on sculpin both temporally and spatially and therefore the species' potential for studying non-point source impacts in environmental monitoring.
Introduction
An increase in the frequency and magnitude of fish kills downstream from potato fields in Prince Edward Island (Mutch et al. 2002) is one reason the issue of non-point source pollution has recently become a focus of concern in eastern Canada. Between 1990 and 1998, P.E.I. experienced a total of 7 fish kills, while there were 22 fish kills between 1999 and 2002 (Mutch et al. 2002; B. Ernst, Environment Canada, pers. comm.) . Although pesticides are implicated in most lethal events, aquatic stressors from row-crop cultivation may include other direct inputs such as nutrients and soil, and indirect effects such as increased temperatures (e.g., associated with clearing of bank-side vegetation), habitat alteration, impacts on food sources, changes in local hydrology and reduced dissolved oxygen (Karr and Schlosser 1978; Waters 1995) . Surprisingly, there are few studies that have attempted to investigate the in situ biological effects on fish residing in the streams or rivers in agricultural regions. Most field research and monitoring of aquatic systems in agricultural regions has looked for changes in diversity and abundance at the community level (e.g., Barbour et al. 1999) , while laboratory studies have focussed largely on relatively short-term exposure to individual pesticides (e.g., Teather et al. 2001) . The sublethal biological impacts of non-point source agricultural stressors over the long term were recently identified as a significant research deficiency by Environment Canada (Environment Canada 2001b) .
The traditional ecotoxicological approach is to study the environmental contamination and the potential responses to exposure. This stressor-based approach depends on correlation or extrapolation to evaluate the potential ecological consequences of exposure. The consequence of focusing on the stressors is that many assessments rely heavily on documenting the potential impacts of known stressors and known impact pathways, and ignore the potential interaction of the variety of potential stresses and unknown local environmental factors. The value of predicted effects is often limited by the lack of site-specific information, the correlative nature of predictions, and reliance upon known or established relationships between stressors and organisms . Farm-specific differences in chemical use patterns, the timing of applications, and local differences in rainfall patterns and water extractions for irrigation all affect the relevance of predictive work for assessing potential agricultural impacts. Interpretation of the impacts of agricultural activity is further complicated by the potential unknown interactions of chemical exposures with the wide variety of other potential stressors mentioned above. proposed an effectsdriven, or effects-based, biological assessment as an alternate approach to overcome situations where limiting or enhancing factors may be missed or ignored by the stressor-based approach. The effects-based approach relies heavily on system-or site-specific information to design the study and identify what factors may be important for assessing the cumulative impact of multiple environmental stressors. This approach allows for the assessment of biological responses without the necessity of identifying individual stressors by measuring the "accumulated environmental state" of the system, and is particularly well suited for studying the impacts of nonpoint source pollution like agriculture. The performance of resident fish populations is used to identify situations where existing conditions are compromising performance, and focus studies to increase the understanding of the level of stress on a river reach. The investigation into what, in particular, may be causing the observed responses is restricted to follow-up studies once the existence of ecologically relevant responses has been documented .
With annual potato cultivation of approximately 22,000 to 23,000 hectares, the potato industry in New Brunswick is valued at about $400 million annually (NB DAFA 2002) . The northwestern region of New Brunswick alone is responsible for about 35% of the potato production in the province (NB DAFA 2000) . One particularly intensive potato cultivation area within the region is the Little River catchment near Grand Falls, New Brunswick. Although it is estimated that only 15% of the catchment is cultivated (Herb Rees, Agriculture and Agri-Food Canada, pers. comm.) , all of the agricultural activity is concentrated in the lower catchment, where agricultural development has reached its capacity. Availability of land for agricultural expansion continues to be an issue within that area (NB DAFA 2000) .
The rivers within the catchment consist of a small fish community that includes only 3 to 5 species. A preliminary fish community survey in the Little River catchment identified the slimy sculpin (Cottus cognatus) as the only fish species present in sufficient numbers for assessing effects throughout the catchment (Gray et al. 2002) . The objectives of this study were to conduct an effects-based assessment of the potential impacts of nonpoint source agriculture on the slimy sculpin. Over a three-year period, we compared the health and reproductive performance of sculpin residing in agricultural and forested regions to determine whether possible chronic exposure to non-point source agricultural stressors had observable and consistent impacts at the wholeorganism level. The effects-based assessment also documented baseline conditions of sculpin performance, yearly and seasonally, and trends in responses over time in the forested region. We used various performance parameters to evaluate whether fish were able to survive, grow and reproduce similar to fish at reference locations .
Methods

Study Sites
The Little River (47º03'08.4''N, 67º44'20.8''W) drains a total area of about 340 km 2 , and is located northeast of Grand Falls, New Brunswick (Fig. 1) . The mainstem Little River is a fourth-order stream that originates in a forested landscape and drains predominantly agricultural lands in its lower reaches. The Little River terminates at the Saint John River immediately upstream of Grand Falls. Sculpin sampling sites were classified a priori based on the dominant surrounding land-cover that were forested (sites 1-5), a transition area between forestry and agriculture (site 6), an area where agriculture was the predominant land use (sites 7-9), and the farthest downstream site which was predominantly "urban" (site 10, Table 1 ; population of Grand Falls 6000). Average width, depth, velocity and cobble size was measured in August 2000 for the main sites used in the study (Table 2) . From the farthest upstream to the farthest downstream site, the Little River increases in width and velocity, with the exception of a narrower and deeper section at site 9. Mean cobble size was consistent between sites, and varied over a relatively small range of about 9 cm between sites 1 to 10 (corresponding stream distance of 30 km).
Beginning in the fall of 2000, sculpin were also collected along the Little Forks Branch (47º30'25.9''N, 68º11'57.4''W) of the Green River to provide reference information of sculpin populations along an upstreamdownstream gradient in a river uninfluenced by agriculture. The Little Forks stream is a fourth-order stream, which drains a completely forested catchment area of about 150 km 2 , and is located 62 km northwest of Grand Falls (Fig. 1) . The Little Forks stream increases in size similar to the Little River, with a width of 10 and 19 m at the uppermost (LF1) and lowermost (LF4) sites, respectively (corresponding stream distance of 12 km). The Little River and Little Forks streams had comparable depth, velocity and cobble size at the sites chosen for sculpin collections.
Fish Collections
The main objective of the first fish collection in August 1999 was to characterize the fish community in the Little River watershed in order to choose fish species to use for monitoring. Sites were enclosed with barrier nets and fish were collected using a backpack electrofishing unit (Smith-Root C-15) and dipnets (mesh size 4 mm stretched). All fish were identified, measured for length (±1 mm) and weight (±0.1 g), and released. Fish species collected included slimy sculpin, brook trout (Salvelinus fontinalis), three-spine stickleback (Gasterosteus aculeatus; present at some forested sites only), creek chub (Semotilus atromaculatus) and blacknose dace (Rhinichthys atratulus; present at some of the agricultural sites only). Although brook trout were present throughout the basin, they were present only in very small numbers at some agricultural sites (<5). The slimy sculpin was the only species present at all sites with sufficient densities for monitoring.
Slimy sculpin were sampled at Little River sites from the fall of 1999 to fall of 2001, and in the Little Forks Branch of the Green River from fall of 2000 to fall of 2001 (Table 1) . Sampling usually consisted of the collection of 100 sculpin, regardless of fishing effort or stream area covered. All captured fish were measured for length (±1 mm) and weight (±0.01 g). The 30 largest sculpin were retained for lethal sampling; the remaining fish were released at the capture site. In the fall of 2000, only 20 fish were sampled within a size range of 60 to 70 mm to reduce variability due to size.
For lethal sampling, the spinal cord was severed, and the liver and gonad were removed and weighed (±0.01 g). With the exceptions of November 1999 and May 2000, the stomach was removed and weighed to calculate carcass (i.e., eviscerated) weights. During spring, fecundity (total number of eggs) was also determined. Carcasses were frozen for stable isotope analysis (Gray et al. 2004) .
Slimy sculpin were collected on three separate occasions in the spring of 2000 (early and late March, and early May) to observe condition and gonad development during pre-spawning conditions. In May 2001, we identified sculpin nests by the presence of actively guarding males or visibly recent excavations in front of rocks, and removed and counted eggs at site 1 and site 7.
Precipitation and Water Temperature Data
Precipitation data (rainfall only; 1998 to 2001) was obtained for the St. Leonard airport ( Fig. 1) , which is located approximately 13 km northwest from the mouth of the Little River and 48 km southeast from the mouth of the Little Forks (Environment Canada 2001a; Table 3 ). There was a decrease in annual rainfall amounts over the four years. The wettest spring (April-June) was in 2000, and the wettest summer (July-September) and fall (October-December) were both in 1999. Mean summer air temperatures (July-September) were 16.0, 17.1, 14.8 and 16.5ºC, for 1998 to 2001, respectively. Thermologgers (VEMCO Ltd., Shad Bay, N.S.) were installed at sites 1, 3, 5, 7, 9 and 10 on the Little River, recording the water temperature each hour. Most began recording on July 27, 2000, with the exceptions of site 7, site 10, and one placed about 2 km below site 5, which began recording in December 1999. Thermologgers were also installed at the sites on the Little Forks in the fall of 2000. For the purposes of statistical comparison, temperature profiles were summarized between July 27 and October 18 for 2000 and 2001 due to the absence of gaps in any dataset (Table 4) .
Data Analyses
Population distributions. Young-of-the-year (YOY) sculpin hatch in mid to late June and are generally too small to be caught in dipnets until they are closer to 20 mm in length (Gray et al. 2002) . By the following spring, the rapid growth of the YOY year-class causes an overlap with the 1+ year-class, making the resolution of age classes difficult (Gray et al. 2002) . For this reason, length-frequency distributions were constructed for only the late summer and fall collections where possible using size classes of 2 mm, and calculating the frequency as a percentage of the total sample size. Young-of-the-year sculpin were identified based on the first mode of length frequency distributions. Length distributions were compared between sites using the two-sample KolmogorovSmirnov (K-S) test. The K-S test is a non-parametric, distribution free test that compares two datasets by assessing the similarity of the two cumulative distribution functions: H0:F(X) = F(Y); HA:F(X) F(Y) (Sokal and Rohlf 1995). Statistical differences were considered significant when p < 0.05.
Adult fish data. Normality and homoscedasticity were assessed by visual examination of normal probability plots and residual plots, respectively. All lethal data was log-transformed before statistical analysis to improve conformation with the assumptions of parametric analysis. Length and weight data, and number of eggs in a nest were analyzed by analysis of variance (ANOVA). Analysis of covariance (ANCOVA) was used to compare the condition of the fish across sites using carcass weight as the dependent variable and length as the covariate. For comparisons of organ size (liver and gonad) and fecundity (# eggs), carcass weight was used as the covariate. ANCOVA is generally considered fairly robust to differences in slopes (Hamilton et al. 1993 ), so slopes were considered different when p < 0.03. Following significant ANOVA and ANCOVA tests, Tukey's post-hoc test was used to determine site differences (p < 0.05).
Results
In 1999, the young-of-the-year (YOY) proportion of the length distribution was considerable in the late summer collections within the forested and transition sites (sites 2, 4, 5 and 6), but was markedly reduced within the agricultural sites (sites 7-9; Fig. 2 ). In August, YOY sculpin comprised 42 to 46% of the populations sampled in the forested and transition region, and only 17 to 23% in the agricultural region ( Fig. 2 and Table 5 ). The median size of YOY sculpin (Table 5 ) and the median length within each site's population increased in the downstream direction (Fig. 2) . Overall, the length distributions at all forested sites and the transition site were significantly different from those at the agricultural sites (all p < 0.001; Fig. 2 ; August). The gradient in body size was still evident in November, but was not as distinct as August ( Fig. 2 ; November). Using the change in median size from August to November as a surrogate for growth over the three-month period, YOY sculpin grew slightly more at the agricultural sites, attaining larger sizes nearing the end of the first growing season. 9) compared to female sculpin collected at the forested and transition sites (sites 1-6; Table 6 ). After the first field season, the number of sites was collapsed to enable a shift in the sampling focus to examine the stability of responses over time.
Proportions of YOY sculpin were reduced in the transition (site 6) and agricultural region (sites 7 and 9) compared to the forested region (site 1), and urban region (site 10) in 2000, but were similar in 2001 (Table  5 ). The differences in proportions of YOY in the agricultural region were not likely a longitudinal (upstream to downstream) phenomenon, as there were no differences observed across sites in a comparable, forested river system (the Little Forks stream; Table 5 ). The proportion of YOY sculpin at the Little Forks sites ranged from 40 to 52%, with a slight increase in median YOY size in the downstream direction (Table 5) .
In November 2000, fish were selected for a common size range in order to compare fish from different rivers. There were no significant differences in length or weight for females (data not shown; all p > 0.05). Male sculpin weight increased downstream despite similar mean lengths, and condition factor was elevated for both male and female sculpin at the agricultural site (site 7; data not shown). In many of the 2000 to 2001 collections, the fish tended to be larger in the agricultural and urban region, though most differences were not significantly different. As in 1999, fish condition factor fluctuated among sites, with no apparent trends related to the region where the fish were collected in 2000 and 2001 (data not shown). There was no specific gradient of sizes in the downstream direction within the Little Forks comparison stream.
Male sculpin in the Little River had mean LSI values ranging between 1.3 and 2.3% for fall sampling periods (Fig. 3-top) . There was little seasonal change, with a range of LSI between 2 and 3% in the spring collections. There were no significant differences among any sites until the fall of 2001, when male sculpin at site 7 had significantly smaller livers relative to their body sizes than sculpin in the forested region, and one other agricultural site (site 9). Male sculpin GSI values ranged between 2 and 3% in the fall with a reduction to between 1 and 2% in the spring (Fig. 3-bottom) . Male gonads tended to be smaller in the agricultural region in the spring of 2000, but were not significantly different from males in the forested sites in all other collections. There was generally no gradient of liver size or gonad size associated with stream location observed in the male sculpin collected in the Little Forks stream in November 2000 or 2001 (Fig. 5) .
Adult female sculpin showed much more seasonal variation in their somatic indices. In the Little River, female LSI values ranged from about 3 to 4.4% in the fall to 5 to 6.5% in the earliest spring collection (Fig. 4-top) . Female liver size then decreased to between In November 1999, both adult males and females attained greater lengths in the downstream reaches than upstream forested reaches (Table 6 ). The condition factor for sculpin ranged between 0.88 and 1.04, and did not follow the same progression as size, with fluctuating values showing no apparent relation to site location. In November, mean male liver size (as % of carcass weight) ranged between 1.22 and 1.76%, with a significant increase seen at the urban site (site 10) relative to some upstream sites (Table 6 ). Mean male gonadosomatic indices (GSI) ranged from 1.41 to 2.19%, with the lowest values observed in the agricultural and urban sites (sites 7-10; Table 6 ). Female liversomatic index (LSI) values were higher than the male values, and ranged from 1.87 to 2.88% (Table 6 ). As with the males, there was a significant increase in female liver size at the urban site (site 10). Female liver and gonad sizes were both significantly smaller at agricultural sites (sites 8 and 3 and 4% of their carcass weight as the fish approached spawning in May. In the spring of 2000, female liver sizes were generally smaller in the agricultural region than the forested region until immediately before spawning. Female GSI values increased from between 3 and 5% in the fall to 10 to 12% in the earliest spring collection (Fig. 4-bottom) . Female gonads tended to be smaller in the agricultural region but were only significantly smaller in the agricultural region in late March 2000 and again in November 2001 (Fig. 4-bottom) . Female sculpin collected in the Little Forks stream did not show any differences in liver or gonad sizes associated with location along the stream continuum (Fig. 5) .
Total fecundity of female sculpin was lower in the agricultural region compared with the forested region in all spring collections except for early March 2000 (Fig.  6-top) . The number of eggs per gram of gonad weight, effectively a surrogate for the size of the eggs, was lower at the agricultural sites in late March. The ANCOVA was not possible for May 2000 and April 2001 due to a difference in the slopes of the regression lines (Fig. 6-middle) . The number of eggs divided by the gonad weight was not significantly different in May 2000 (p = 0.41), with the two forested sites (site 1 and 3) having significantly larger eggs than site 7 in April 2001 (p < 0.001). When the weight of the fish was accounted for, the numbers of eggs were significantly lower in the agricultural sites during all spring collections (Fig. 6-bottom) . The number of eggs per gram carcass weight was 48 to 59 in the forested region, and 30 to 39 in the agricultural region of the Little River. In the spring of 2001, the total fecundity of females in the Little Forks stream was lower than for females at site 1 in the Little River, but the number of eggs per gram gonad weight and carcass weight, was comparable to the values seen for female sculpin in the forested section of the In the forested sites on the Little River and the Little Forks, the proportion of YOY in sample populations was generally 40% or more. In the late summer of 1999 and 2000, the proportions of YOY sculpin in sample populations in the agricultural region were reduced to almost half that of the reference situation. The differences between sites are not a reflection of movement or preferential migration, since parallel studies of stable isotope signatures of carbon and nitrogen have shown that the sculpin in the Little River system do not move between sites (Gray et al. 2004) . Additional studies on tagged sculpin have demonstrated a very small home range (Gray 2003) .
The reductions in the proportions of YOY sculpin present at agricultural sites in this study was confirmed in a parallel study that examined the densities of slimy sculpin at 11 agricultural tributaries in the same region of New Brunswick. In that study, successful reproduction was only evident in 2 of 11 tributaries draining agricultural sites, as compared to 100% of forested sites (Gray 2003) . Fitzgerald et al. (1999) looked at creek chub populations in sections of a stream receiving agricultural and urban inputs and also found that the 0+ age class was limited or absent from many of the impacted sites.
It is unclear whether the reduced number of young fish is related to a decreased rate of reproduction, or a decrease in the survival of young fish after hatch. The reductions in gonad size, fecundity and median nest size suggest that there is reduced reproductive effort in agricultural areas. Male sculpin prepare and maintain nests beneath rocks where females lay their eggs, and the males defend and guard the nests for over a month until the sculpin larvae have dispersed (Van Vliet 1964) . There is an increased deposition of fine sediment in agricultural streams associated with potato production (Cunjak et al. 2002; Gray 2003; Curry and MacNeill 2004) . Degradation of suitable spawning and rearing habitats may have significant impacts on egg or early life-stage survival.
Other conditions or stressors that may influence the performance of the YOY age-class could include increased predation or water temperature, or reductions in food availability (Fitzgerald et al. 1999) . Predation by other fish is not likely a significant factor in the Little River system, as brook trout densities were lowest in the agricultural region. Increased temperatures can be a factor influencing egg viability and early survival (Rand et al. 1995) . Relative to the forested region, summer water temperatures were consistently 2 to 3ºC warmer in the agricultural region with mean daily temperatures reaching 18ºC during the summer of 2000, and 20ºC during the summer of 2001. Upper lethal limits for older slimy sculpin have been reported around 23 to 25ºC (Symons et al. 1976; Otto and Rice 1977) , and we did see a correlation between water temperatures and sculpin densities in a broader study (Gray 2003) . Thus, it appears that temperatures were not reaching lethal levels within the Little River.
Little River. The number of eggs per nest found in the spring of 2001 was not significantly different at the forested and agricultural site (ANOVA; p = 0.21), though the variability was quite high (data not shown). The median number of eggs was lower at the site in the agricultural region compared to the forested site (170 versus 281, respectively).
Within the Little River, the late summer and fall of 2001 were warmer than 2000 (Table 4) , with a difference at most sites of about 100 degree-days. For both the Little River and the Little Forks, water temperatures generally increased in the downstream direction.
Discussion
There was a variety of differences detected in sculpin living in agricultural areas, including reductions in the numbers of young fish, reduced egg size and fecundity, and reductions in organ size, as well as increases in body size, and growth of young-of-the-year (YOY) fish. (2000) (2001) . Sites 1 to 3 are located in the forested region (black bars), sites 7 and 9 in the agricultural region (light grey bars), and site 10 in the urban region (white bar). Within each sampling event, different letters represent statistical differences from ANCOVA on organ weight, with carcass weight as the covariate (p < 0.05).
In this study we were able to demonstrate smaller gonad size, reduced fecundity, smaller egg size, possibly fewer eggs per nest, and reduced proportions of YOY sculpin at sites in the agricultural region. All of these parameters are either directly or indirectly interrelated and point to some form of reproductive impairment. Reduced fecundity has previously been seen in fish inhabiting areas influenced by urban and agricultural inputs living near agricultural areas (Fitzgerald et al. 1999) . Fecundity has been established as a sensitive indicator of exposure to xenobiotics, and has been used extensively as a reproductive metric due to its high ecological value and proven relationship to anthropogenic stress (Greeley 2002) .
Despite adult sculpin tending to be larger in the downstream reaches, we observed reductions in organ size, especially for female fish. Spoonhead sculpin (Cottus ricei) and slimy sculpin collected downstream of pulp mill effluents displayed increased condition and liver size and with no differences between sexes (Gibbons et al. 1998; Galloway et al. 2003) . The absence of such a correlation in this study suggests that there is not a strong positive influence of nutrients and water temperature on food availability for the sculpin. Food availability was not believed to be limiting in this region, as parallel studies examining the benthic macroinvertebrate communities in the Little River did not indicate major changes in overall community composition or overall density of food items, though there was an observed decrease in stonefly species (R.A. Curry, University of New Brunswick, pers. comm.).
The increased size in fish in the agricultural area could be related to a number of factors, including a decreased investment in reproduction, the increased water temperature that was observed, increased nutrients associated with agricultural production, or a combination of these factors. The relative increase in size and growth of YOY sculpin in the downstream direction may be related to the warmer water temperatures. Based on the general ecology of running waters it is accepted that streams and rivers, without significant groundwater inputs, will tend to be warmer in downstream sections because they are wider and more open, thus receiving less shading from streamside vegetation (Vannote and Sweeney 1980; Allan 1995) .
The increased body size and growth rate would be expected to be associated with a relative increase in reproductive performance . It does not seem that the changes in size are related to a progression downstream; there is not a major change in river size or river order between sites. Sculpin collected in the Little Forks forested stream also showed increased size in the downstream direction, though not always statistically significant, and was associated with an increase in water temperature. However, organ size responses observed in the Little River did not follow an upstreamdownstream gradient, but were more likely associated with land-use inputs from adjacent agricultural activities. The impacts were reduced during 2001, and were associated with a reduced rainfall. The cropping season of 2001 experienced between 10 and 20% less rainfall than the preceding two years and about half of the major rainfall events, which may have played a role in reducing the potential effects of the agricultural stressors.
These fish studies took place along the main stem of the Little River, a fourth-order stream. Sampling in smaller tributaries was not possible due to the substan- tent and unpredictable and the relative contribution of each runoff event to indirect stressors (e.g., increased sedimentation causing habitat degradation) is also unpredictable and very difficult to measure. Gibbons and Munkittrick (1994) suggested generalized stress response patterns for white sucker subjected to natural and anthropogenic environmental impacts. The framework uses various biological criteria including age structure, condition and fecundity to determine whether the fish population is experiencing one of eight proposed response patterns: no response, exploitation, recruitment failure, chronic recruitment failure, food limitation, metabolic redistribution, niche shift and multiple stressors (Gibbons and Munkittrick 1994) . Using their framework, the general response of sculpin in the agricultural region of the Little River fits many of the biological criteria for metabolic redistribution, though the shift of the population due to the reduced YOY proportions also points to exposure to multiple stressors. The conflicting responses seen with increased size but decreased liver size and gonad size could be a result of a metabolic disruption problem with differential energy utilization and allocation to somatic and reproductive tissue growth.
Sampling sculpin at multiple reference sites in forested regions and at different times of the year provided essential baseline information about the changes in sculpin population structure and whole-organism parameters. Sampling in the fall and spring over three years provided information on the progression of organ development and energy storage as the sculpin enter into gonadal recrudescence and prepare for spawning. In the forested region of the Little River, male liver size increased about 50% between the fall and spring collections, while gonad size remained relatively stable with a small decrease from fall to spring as the testis undergoes reorganization in preparation for spawning. Because female fish require more energy during gonadal recrudescence to account for the greater reproductive output, there is a larger change in female sculpin liver and gonad size between the fall and spring. At the reference sites, female liver size more than doubled from the fall to the early spring, then steadily declined as spawning time approached. This almost certainly coincides with vitellogenesis in female sculpin when the protein vitellogenin, produced in the liver, is transferred and incorporated into the developing oocytes. Concomitantly, female GSI increased about fourfold from the fall to the early spring and then effectively tripled again immediately before spawning in May.
Conclusions
Sampling of sculpin over a three-year period confirmed potential effects from exposure to non-point source pollution from agricultural activities both spatially and temporally. Sculpin populations in the agricultural region had reduced production of young, smaller gonads, tial amount of habitat destruction that has been associated with agricultural practices. There are a number of factors that complicate determining the specific causes of the changes, and ongoing studies are continuing to study the area. The agricultural areas are potentially affected by increased inputs of pesticides, herbicides, fungicides, fertilizers, sediment, changes in runoff and increased water temperatures. Studies are complicated by the diffuse origin of the inputs and the fact that rainfall events trigger a number of inputs. The frequency and magnitude of exposure of direct stressors to biota is intermit- , and sites 7 and 9 are in the agricultural region (light grey bars). Different letters represent statistical differences within each sampling event from ANOVA on total fecundity, and ANCOVA on fecundity with carcass weight and gonad weight as the covariate log-transformed data (p < 0.05). Significant interactions within ANCOVA are indicated with an asterisk (*). reduced fecundity and females had smaller livers. These effects were determined to be unrelated to stream continuum by observing sculpin along a reference forested river, the Little Forks. Follow-up studies need to be designed to attempt to tease out the relative influence of temperature, sedimentation, nutrient and pesticides on the responses observed in the local fish populations. The slimy sculpin shows high site fidelity and is a good sentinel species for investigating the potential impacts of non-point stressors.
